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In the previous paper of this series  (1), we summarized the  results 
of that part  of our study of organ weights  the immediate object of 
which  was  to  define conditions  that  obtain  in  normal stock  rabbits 
with  respect  to  mean  weights,  the  tendency  to  the  occurrence  of 
variations in weight, and the probable limits of variation for different 
organs.  As a  further contribution to the general problem of physical 
constitution and as an approach to  the study of conditions that  de- 
termlne or affect the weights  of  organs, we  have  undertaken  an in- 
vestigation  of  the  normal  relation  that  obtains  between  body  and 
organ weight and between the weight of one organ and that of another. 
The purpose  of  this  paper  is  to  report  the  relation  found  between 
body  and  organ  weight  as  indicated  by  correlation  coefficients and 
a  comparison of group means. 
Methods  and  Material. 
The results to be reported are based on data from 645 male rabbits of various 
breeds.  The series contained a few young and a few old animals  but the great 
majority of the animals  were between 6 months and 2 years old with about an 
equal division  between those that were sexually mature but not full grown and 
those that had attained sexual maturity and full growth.  All of the animals were 
in apparent good health but on postmortem examination many of them showed 
active or healed lesions of some kind.  In the present investigation no discrimina- 
tion was made on the basis of age, breed, or the presence of lesions. 
The actual weight and the weight of organs per kilo of net body weight  1 (relative 
i Net body weight is the gross weight  of the animal minus the weight of the 
gastrointestinal mass as defined in the first paper of this series  (Brown, W. H., 
Pearce, L., and Van Alien, C. M., I. :Exp. Med., 1925, xlii, 69). 
635 TABLE  I. 
Correlation Coefficients for  Actual and  Relative Organ Weight with Gross Body' 
Weight. 
Net body weight  ....................... 
Heart ................................ 
Testicles  .............................. 
Kidneys  .............................. 
Gastrointestinal mass  ................... 
Brain  ................................. 
Suprarenals ........................... 
Hypophysis  ........................... 
Mesenteric lymph nodes  ................ 
Liver  ................................. 
Thyroid  ............................. 
Deep cervical lymph nodes  ............. 
Thymus  ............................. 
Parathyroids ......................... 
Pineal ............................... 
Popliteal lymph nodes  ................. 
Spleen  ............................... 
Axillary lymph nodes  .................. 
Actual  Relative 
+0.958  ±0.002 
+0.755  ±0.011 
+0.555  ±0.019 
+0.471  4-0.021 
+0.456  ±0.021 
+0.451  ±0.025 
+0.364  ±0.023 
+0.343  ±0.024 
+0.307  ±O.O3 
+0.291  ±0.024 
+0.248  -4-0.025 
+0.246  ±0.031 
+0.222  ±0.025 
+0.221  ±0.025 
+0.193  ±0.026 
+0.190  -4-0.028 
+0.186  ±0.026 
+0.074  ±0.029 
--0.169  ±0.026 
+0,101  -4-0.028 
--0.443  ±0.021 
--0.311  ±0.024 
--0.761  -4-0.013 
--0.066  ±0.027 
--0.402  ±0.022 
-0.143  ±0.032 
-0.301  -4-0.024 
-0.019  ±0.027 
-0.058  ±0.033 
-0.160  4-0.026 
-0.174  ±0.026 
-0.316  ±0.024 
-0.271  ±0.027 
-0.113  ±0.026 
-0.321  ±0.026 
TABLE  II. 
Correlation Coe~cients  for Adual and Relative  Organ Weight with 2Vet Body Weight. 
Actual  Relative 
Gross body weight  .................... 
Heart ................................ 
Testicles  .............................. 
Kidneys  .............................. 
Suprarenals ........................... 
Brain ................................. 
Hypophysis  ........................... 
Thyroid  .............................. 
Mesenteric lymph nodes  ................ 
Gastrointestinal mass  .................. 
Parathyroids ......................... 
Deep cervical lymph nodes  ............. 
Liver  ................................ 
Thymus  ............................. 
Pineal ............................... 
Spleen  ............................... 
Popliteal lymph nodes  ................. 
AxiUary lymph nodes  .................. 
+0.937  ±0.003 
+0.739  ±0.012 
+0.493  ±0.021 
+0.452  ±0.021 
+0.415  ±0.022 
+0.392  -4-0.027 
+0.353  4-0.023 
+0.261  -4-0.025 
+0.251  ±0.031 
+0.245  ±0.025 
+0.242 ±0.025 
+0.228 4-0.032 
+0.214  ±0.025 
+0.213  4-0.025 
+0.199  ±0.026 
+0.143  4-0.025 
+0.116  ±0.029 
+0.063  ±0.029 
--0.217  -4-0.025 
+0.018  ±0.028 
--0.473  -4-0.021 
+0.027  ±0.027 
--0.830  ±0.010 
--0.449  ±0.021 
+0.013  ±0.027 
--0.222  ±0.031 
--0.448  -4-0.021 
--0.139  ±0.026 
--0.103  ±0.033 
--0.417  ±O.O22 
--0.171  ±0.026 
-0.323  ±0.O24 
--0.166  ±0.026 
--0.290  ±0.027 
--0.336  ±0.026 
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weight) were correlated with both gross and net body weight.  The correlation 
coefficients are recorded in Tables I  and II in the order of the magnitude of the 
coefficients obtained for actual weight.  Space does not permit the publication 
of complete correlation tables but a  summary of the group means is given in 
Tables III and IV arranged on the basis of increasing gross and net body weights 
respectively.  The results for gross body weight are plotted in Text-fig. 1; those 
for net body weight do not differ sufficiently to warrant reproduction.  In order to 
facilitate direct comparison the values for organ weight are plotted on the basis of 
a percentage deviation from the mean weight of the organ concerned for a given 
increase in body weight so that the scales of all curves are comparable.  The sig- 
nificant parts of the curves are included between heavy perpendicular lines.  The 
groups to the right or left of these lines contained only a few animals but the values 
are given as they were used in calculating the coefficients. 
RESULTS. 
The relations found between body and organ weights are  presented 
in Tables I  to IV  and Text-fig.  1. 
DISCUSSION AND CONCLUSIONS. 
The results  presented in Tables I to IV and Text-fig.  1 bring  out 
a number of important points  concerning the physical  constitution 
of mature and apparently healthy stock  rabbits. With very few 
exceptions,  the ratio  of the correlation  coefficients  to their  probable 
errors  (Tables  I and II) is sufficiently  large  to warrant acceptance of 
the results  as valid  measures of the relation  existing  between body 
and organ weight, irrespective  of the magnitude of the coefficients. 
The  coefficients show  a  great  diversity of relations.  In  the  first 
place, it will be seen that there is a positive relation of some kind be- 
tween  the  actual  weight  of  all  organs  and  the  body weight  of  the 
animal while  the  coefficients  for  relative  weight  are  either negative 
or approach  a zero order.  That is to say, there is evidence of a  com- 
mon tendency on the part of all organs to weigh more or less  accord- 
ing  to the weight of the animal but,  in only a  few instances,  is the 
difference in weight of such an order as.to maintain a  constant rela- 
tion between body and organ weight; the weight of the organ per kilo 
of body weight varies and, as  a  rule, diminishes  as  the weight of the 
animal  increases. 
In estimating the degree of the correlation there are two values to ,  ,  ,,  ,  ,,  i 
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be considered, first, the direct correlation between the actual weight 
of the organ and that of the body and,  second, the inverse relation 
between the weight of the organ  per kilo  of body  weight and  the 
weight of the body.  By reference to Tables I  and II, it will be seen 
that  there is  no  constant relation  between  these  two  values.  The 
ideal condition of a high positive and a  low negative coefficient, or a 
coefficient of the zero order, is shown by very few organs.  In some 
cases this relation is reversed while in  others the two sets of coeffi- 
cients are of a  comparable magnitude.  If, however, we arrange the 
organs according to the magnitude of the correlation coefficients for 
actual weight with gross body weight, as in Table I, it will be Seen 
that  in  general  the  so  called major  organs  of  the  body  show  the 
highest values and the lymphoid organs  the  lowest  with  the  endo- 
crine glands occupying an intermediate position. 
The situation presented by correlating relative organ weight  with 
either gross or net body weight is entirely different.  The  coefficient 
obtained in  this way serves as an inverse measure of the extent  to 
which the increase in  the actual weight of different organs approxi- 
mates  the  ideal  condition  of  the  maintenance of  a  constant  ratio 
between body and organ weight.  In most instances the magnitude 
of the coefficient for relative weight is smaller than that for actual 
weight. 
Similar  conditions  obtain  when  the weights of organs  are corre- 
lated with net instead of gross body weight  (Table II).  The chief 
difference between the two sets of results is in  the magnitude of the 
correlation  coefficients  for  different  classes  of  organs.  By  corre- 
lating  actual  organ  weight  with  net  body  weight,  the  coefficients 
for the endocrine glands are increased while those for all other organs 
are either diminished or unaffected; in  the case of relative weights, 
all values are increased with the exception of those for the thyroid, 
parathyroids,  suprarenals,  and  testicles.  While  in  most  instances 
the change in the magnitude of the coefficient is comparatively small, 
the effect of this method of correlation is to strengthen the direct cor- 
relation of the endocrine glands and to weaken that of other organs. 
A  clearer conception of the  form  as  well  as  the measure of  the 
relation between body and organ weight may be gained by an exami- 
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plotting  the group  means for  actual  and  for relative organ  weight 
against the corresponding values for gross body weight (Table III). 
These  curves  show  three  distinct  forms  of  relation:  first,  a  linear 
increase  in  actual  weight  which  is  directly  proportional  to  body 
weight; second, a  straight line increase in  actual weight which is of 
such an order as to produce a  linear decrease in  the weight of the 
organ per kilo of body weight; third, an increase in the actual weight 
of the organ  over the lower ranges of body weight with  the main- 
tenance of a  constant or diminishing level of actual weight over the 
middle and upper ranges which produces first an increase and then  a 
decrease in the weight of the organ per kilo of body weight (popliteal 
and axillary lymph nodes). 
Other curves appear to be modifications or combinations of these 
with the possible exception of the curve for the suprarenals.  There 
is some indication that  the change in  the weight of the suprarenals 
is  not  of the order of a  uniform progression  but  shows  a  diphasic 
condition characterized by stabilization  of actual weights  at  succes- 
sive levels or by a  succession of increases and decreases in  relative 
weight.  It  may be  that  this  condition is  referable to  some factor 
other  than  body  weight  which,  in  the  case  of  the  suprarenals,  is 
sufficiently potent to obscure the influence of the body weight factor. 
Analyzing the results obtained from the standpoint of the corre- 
lation coefficients and the form of the relation shown, it will be seen 
that  there are  comparatively few organs  the weights of which are 
closely related to  body weight.  The heart shows the closest  corre- 
lation from every point of view.  The coefficient for actual weight is 
much larger than  that  of any other organ  while the  coefficient for 
relative  weight  is  comparatively  small.  This,  in  itself,  suggests 
that  there is  a  constant ratio between the weight of the heart and 
the weight of the body which holds for practically all ranges of weight 
within the limits of these observations.  This conclusion is borne out 
by plotting the mean values for actual and relative weights (Table III) 
against  body  weight.  The  curve  obtained  (Text-fig.  1)  shows  a 
linear increase in the actual weight of the heart which is of  such an 
order as  to  maintain  the weight per kilo  at  a  practically constant 
level.  This may be taken as an example of almost perfect physical 
correlation between the weight of an organ which performs a mechan- 
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The  testicles  show  a  similar  relation  to  body  weight,  giving a 
high  correlation coefficient for  actual  weight  and  a  small positive 
coefficient for  relative  weight,  while  the  mean  values  (Table  III) 
form a curve which shows the same relation between actual and rela- 
tive weights on  the one hand,  and  the weight of the body on  the 
other, as  the curve for the heart.  This result may be regarded  as 
highly significant and indicates that the generally recognized relation 
between testicular development and growth is of a  very high order. 
Among the organs studied, the testicles and the  heart  are the only 
ones that  show a  high  correlation of  this type.  The  kidneys, the 
gastrointestinal mass, and the brain  come next in the order of magni- 
tude  of  the  correlation  coefficients between  actual  and gross  body 
weight.  But,  these organs show a  negative  coefficient  for  relative 
weight of a high order which would lead one to infer that the rate of 
increase in the actual weight of the organ is not proportional to the 
increase in body weight.  By plotting the mean values  (Table  III, 
Text-fig. 1), we find that, within the limits of these observations, the 
increase in the weight of the kidneys is fairly uniform but the rate of 
increase is such that the weight per  kilo of body weight diminishes 
at  a  rate  which is  approximately  equal  to that  of  the  increase  in 
actual weight, giving correlation  coefficients of essentially  the  same 
magnitude  (+0.471  4-0.021  and  "0.443  4-0.021).  The  gastroin- 
testinal  mass  behaves in much the same manner but the coefficient 
for relative weight is smaller (+0.456  -¢- 0.021 and -0.311  4- 0.024), 
and the regression in the weight of the mass per kilo of body weight is 
correspondingly less. 
The  coefficients for  the liver  (+0.291  4-0.024;  -0.301  4-0.024) 
are of a  lower order than those for the kidneys and gastrointestinal 
mass but  they show a  similar relationship  to  body weight with  a 
suggestion of a  tendency toward an accentuation of the inverse rela- 
tion which is brought out so strikingly in the case of the brain.  The 
condition presented by the brain is the reverse of that shown by the 
organs mentioned above.  The coefficient for actual weight is +0.451 
4-0.025  while  that  for  relative  weight  is  -0.761  4-0.013.  These 
values would lead one to expect a  very uniform but very smaU in- 
crease in the actual weight of the brain with increasing body weight. 
The curve formed by the group means (Table III; Text-fig. 1) shows 648  BODY  AND  ORGAN  WEIGHTS  IN  RABBIT 
a  slight and very uniform increase in the actual weight of the brain 
for animals weighing between  1500 and 2000 gin.; from 2000 to 2500 
gin.  it  is doubtful whether there is  any change but in  still  heavier 
animals there is apparently a  second increase of the same order but 
less  uniform than  the first. 
The organs considered above form a  small group with compara- 
tively  close  and  clearly  defined relations  to  body  weight.  At  the 
opposite end of the scale, we find such purely lymphoid organs as the 
popliteal  and  axillary  lymph nodes with  negative  coefficients  that 
are distinctly larger than the positive coefficients for actual weight. 
The relation shown by these organs is of a  comparatively low order 
and even this may be an effect of age rather than weight. 
It wilI be seen that the mesenteric and deep cervical lymph nodes 
differ from the popliteal and axillary nodes; the coefficients for actual 
weight are larger and the negative coefficients are smaller so that the 
relation of these two masses of lymphoid tissue to body weight is not 
only closer than that of the superficial iymph nodes but is also of a 
different character  (Text-fig.  1). 
The conditions shown by  the spleen and  thymus are  of especial 
interest.  Their weights appear to be only slightly affected by body 
weight;  the  coefficients for  actual  weight  are  comparatively  small 
but are slightly larger than those for relative weight so that the results 
agree with the Superficial lymph nodes in one respect  and with the 
deep lymph nodes in another.  The closest analogy, however, is with 
the parathyroids which have coefficients that are almost identical with 
those of the thymus.  This is of interest as we have additional evi- 
dence of a  relation between these organs. 
The endocrine glands show a variety of conditions.  The suprarenals 
and the thyroid give results which differ  chiefly with respect to the 
magnitude of the  coefficients.  The coe~cients for the actual weight 
of the suprarenals  are  comparatively large while  those for  relative 
weight are very small giving a  value for the direct relation which is 
considerably  higher  than  that  of  any  other  organ  in  this  group. 
The significant feature of the relation shown by these two organs is, 
however, the constancy of the weight per kilo of body weight within 
certain limits (Text-fig. 1). 
The hypophysis and pineal gland show a  relation to body weight W. H. BROWN,  L. PEARCE, AND  C. M. VAN  ALLEN  649 
which is the reverse of that shown by the suprarenals and thyroid. 
In the case of the hypophysis, both sets of coefficients are large but 
the negative value is larger than the positive so that the reduction in 
the weight of the organ per kilo of body weight is more dearly de- 
fined  than  the  increase  in  the  actual  weight  of  the  organ.  The 
pineal gland exhibits a  similar tendency with an even greater dis- 
crepancy between positive and negative values.  The brain and the 
superficial lymph nodes are the only other organs that show such a 
decided  preponderance of  the  inverse  over  the  direct  relation  be- 
tween body and organ weight. 
As  has  been  pointed out,  the parathyroids give results  that  are 
more nearly comparable to those of the thymus than to other endo- 
crine  glands  so  far  as  correlation  coefficients are concerned.  Both 
sets of coefficients are small and, while the curves for mean weights 
are decidedly irregular, neither the actual nor the relative weight of 
the organs  appears  to  be  materially affected by  body weight.  In 
fact, if we disregard the upper and lower ends of the curve, the re- 
sults obtained show the nearest approximation to a neutral equilib- 
rium that is given by any of the organs studied. 
The significance of the points brought out by this discussion may 
be made dearer by tabulating the results for gross body weight in 
the following manner: 
Heart ..... 
(Testicles). 
Gastro- 
intestinal 
mass... 
Kidneys.. 
Liver  ..... 
]~rfj_rl .... 
+0.456 
+0.471 
+0.291 
Coefficient 
Actual  I Relative 
+0.755  --0.169 
+0.555+0.101 
-0.311 
-0.443 
-0.301 
+0.451 
Coefficient 
Organ 
Actual 
(Testich  +0.555 
Thyroid  +0.248 
Supra- 
renals.  +0.364 
Parathy- 
roids... 
-0.761 
+0.221 
Hypo- 
physis... 
Pineal .... 
--0.174 
Relative 
-0.019 
-0.066 
Org~ 
+0.343[-0.402 
+0.1931 --0.316 
Organ 
Deep 
cervicals., 
Mesen- 
terics .... 
Spleen .... 
Thymus... 
Popliteals.. 
Axillaxies. 
Coefficient 
Actual  Relative 
+0.246  --0.058 
+0.307  --0 .~.43 
+o.1861-0.113 
+0.2221-0.160 
+0.190 -0.271 
+0.074 --0.321 650  BODY  AND  ORGAN  WEIGHTS  IN RABBIT 
This  arrangement  of  organs  takes  into  account  structural  and 
functional relationships as well as the correlation between body and 
organ  weight.  The  organs  studied  are  divided  into  three  main 
groups; each of these groups contains three subdivisions, which differ 
with respect to  the relative magnitude of the coefficients for actual 
and relative weights,  arranged in  the order of a  diminishing direct 
or increasing inverse relation.  The table may be read in any direc- 
tion.  In general, it will be seen that the magnitude of the coefficients 
for corresponding subdivisions,  and hence the closeness of the rela- 
tion  between body and organ weight, diminishes from left to right; 
in  like  manner,  the  direct  relation,  which is  strongest  in  the  first 
subdivision of each group, diminishes and then changes to an inverse 
relation.  The extreme conditions are represented by the  upper left 
and the lower right divisions. 
Tabulation  of the results on  the basis  of the  coefficients for  net 
body weight, as has been pointed out above, merely accentuates the 
direct  relation  of  the  endocrine glands  and  the inverse relation  of 
other organs with only a few minor changes in the actual arrangement 
of the organs in any given subdivision. 
A number of interesting deductions may be drawn from this study. 
As  has  already been  pointed  out,  the  relations  between  body  and 
organ weight are diverse.  There are a number of organs that  show 
a  comparatively high  and  undoubtedly significant  correlation  with 
body weight but only a  few that show a  correlation of a  very high 
order.  In some cases it is  the direct relation  that is  significant, in 
others, the indirect relation overshadows the direct and, in still other 
instances, the two are of about equal rank.  There are only two clearly 
defined instances,  however,  of a  direct relation between  the  actual 
weight of an organ and that of the body which is sufficiently close to 
maintain  a  constant ratio between body and organ weight.  In most 
cases, the relations are such as to favor a diminishing weight per kilo 
of body weight.  For animals weighing less than 2200  to  2300  gm., 
the weight  of the organ  exceeds the mean value for animals  of all 
groups  while  beyond  this  point  the  weight  becomes less  than  the 
mean (Text-fig. 1) so that, as a rule, the larger the animal the smaller 
the mass of organ tissue per unit of body weight that is available to 
perform a  given function.  The amount of the reduction in propor- W.  H.  BROWN,  L.  PEARCE,  AND  C.  M.  VAN  ALLEN  651 
t/on to body weight varies with different organs, but, as a matter of 
interest, it may be pointed out that, in several instances the correla- 
tion coefficients for actual weight give a rough approximation of the 
part of the organ that is supposed to be essential to the performance 
of its  function, so  far as  such information is available,  or that  the 
coefficient is the reciprocal of the fractional part of the organ or tis- 
sue  that  may  be  removed without  causing  serious  impairment of 
function. 
Finally, attention should be called to the fact that the results re- 
ported  above  do  not  represent  conditions  that  obtain  in  strictly 
normal rabbits of a given age and breed.  They are reported with a 
realization that not only these but still  other factors may have af- 
fected the values obtained.  There is, however, substantial evidence 
that  the  relations found between body and  organ  weight have  an 
important bearing on the problem of physical constitution and that 
the rqsults have both an anatomic and a functional significance.  In 
general, it appears that organs that are related anatomically or that 
may  be  supposed  to  perform  analogous  or  related  functions  give 
results of a  comparable nature, both with respect to the magnitude 
and the form of the relation shown. 
SLTMMAR¥. 
Data from 645 normal rabbits  were used as the basis  of an investi- 
gatlon of the relation  existing  between body and organ weights.  Ac- 
tual and relative  weights wcrc correlated  with both gross and net 
body weight. 
The results  obtained varied with different  classes  of organs but 
it was found that,  in general,  there  was an agreement between the 
form and degree of the correlation  shown and the structural  and 
functional properties  of the organs concerned. 
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